The purpose of our study was to monitor a well-trained master athlete who competed in the race, keeping under review his performance outcomes. TransPyrenea (La Grande Traversée des Pyrénées) is an Ultra Trail 13-16-d race, 866 km long, 53200 meters of elevation gain, performed for the first time in 2016, becoming the longest race in the world. At every checkpoint, a member of the team ascertained total macronutrients intake and body composition. A wearable device was used to monitor glycemia during all the race. The athlete completed the race with an average speed of 2.6 Km/h, including 26 hours and 30 minutes of sleeping. Multiple regression analysis showed that the increase of the speed (β: 0.5 km/h, 95% CI: 0.07 | 1.02 km/h, p-value: 0.035 and β: 1.32 km/h, 95% CI: 0.53 | 2.11 km/h, p-value: 0.004) was related to the increase of one hour of sleep and one kg of weight respectively. This evidence could induce the use of specific nutritional supplements and the analysis of body composition on the management strategies of the race, with eventually the planning of a greater number of hours of sleep to acquire greater speed.
INTRODUCTION
An ultra-endurance race may refer to running, cycling, swimming, cross-country skiing or a multi-sport event such as triathlon. The criterion to define these modes of exercise as ultra-endurance is to last at least six hours . Considering the long duration of these races, an ultra-endurance athlete faces sport-specific nutritional issues and successful performance is characterized by the ability to sustain a higher absolute speed for a given distance than other competitors. This can be achieved through a periodized training plan and following appropriate nutritional practices, to address the specific limiting factors that would otherwise cause fatigue or a decrement in performance (Burke, 2007) .
Glycogen and glucose are the fundamental energy sources for muscle during races (Chiampas et al., 2015) . Current practices suggest that carbohydrate intakes during exercise longer than 2 h, will prevent hypoglycemia, will maintain high rates of carbohydrate oxidation, and increase endurance capacity compared with placebo ingestion. Carbohydrate intake recommendations for ultra-endurance events are higher of approximately 90 g/h (Jeukendrup, 2014) . In real life, athletes undertake training sessions and competitions with varying carbohydrate availability (Burke, 2011) , with intake often significantly below the requisite nutritional recommendations (Kruseman et al., 2005; Martinez et al., 2017) .
Another important factor involved in ultra-endurance performance is sleep deprivation. Athletes hypothesize ultra-endurance race management strategies trying to sleep as little as possible, despite the scientific studies describe a reduction in performance according to the reduced sleep hours (Oliver et al., 2009 ). Short-term sleep restriction (4 h/night for 1 week in a laboratory setting) impaired glucose tolerance during a frequently sampled intravenous glucose tolerance test in healthy subjects: decreases in insulin secretion have been implicated, and sleep restriction increases cortisol levels, which could influence glucose tolerance (Buxton et al., 2010; Punjabi et al., 2004) .
Moreover, over the past three decades, there has been a continual increase in the number of master athletes (i.e. >40 years old) in endurance and ultra-endurance (>6 h) events . Generally, finishers are older than 40 years in endurance and ultra-endurance events, e.g., 47 years for 100-km running (Knechtle et al., 2012) , 43-44 years for 161-km running (Hoffman et al., 2010) , or 43 years for ultra-cycling such as Race Across America (Shoak et al., 2013) . These findings indicate the difficulty that ultra-endurance athletes experience in meeting standard recommendations (Costa et al., 2013; Costa et al., 2016 ) either on food requirement or in hours slept. Finally, we lack information regarding nutrition habits of master endurance athletes (Louis et al., 2014; Brisswalter et al., 2014; Borges et al., 2016; Piacentini et al., 2017) .
The purpose of this study was to monitor a well-trained master athlete involved in the competition, keeping under review his macronutrients intake, glycaemia, sleep deprivation, cognitive test and speed during the longest competitive race in the world.
MATERIALS AND METHODS
The athlete is a 48-year old male ultra-runner athlete (BMI 21.5), having competed in long distance events around the world, with a training load of average 100km/week.
The study was conducted during the 2016 Transpyrenea race, held during the first weeks of August, from the Mediterranean Sea to the Atlantic Ocean, 4 checkpoints (at the beginning, at the 165th km, 418th km, 678th km) and a positive drop of 53200 meters. The race was conducted over thirteen days totalling a VOLUME --| ISSUE -| 2019 | 3 distance of 868 km, which was performed on a variety of terrains, predominantly off-road trails and paths, but also included steep and narrow mountain passes, and occasional road.
Preliminary measures were taken to determine athlete characteristics. Height was measured by a wallmounted stadiometer. Body composition was measured by Bio-Impedance Analysis (Tanita SC-331S Body Composition Analyzer; Tanita Inc., Arlington Heights, IL, USA), at the beginning of the race and at check points. Sleeping arrangements included a combination of outdoor tent and check point accommodation. Hours of sleeping were monitored by self-reporting of the athlete.
Food was limited to how much each athlete was able to bring. The midway check-point provided an excellent opportunity where athletes could resupply their backpack and refuel. Each athlete was responsible for their own food selections and energy intake targets throughout each racing day.
At every checkpoint, a member of the team ascertained total macronutrients intake. The athlete was not instructed to adhere to certain dietary guidelines or practices in order to assess natural behaviours in an applied setting. For the entire race, the athlete wore on the back of left upper arm a FreeStyle®Libre™ Flash glucose monitoring system sensor (Abbott Diabetes Care, Alameda, CA) for interstitial glucose, highly correlated to capillary blood glycaemia (Bailey et al., 2015) . The system sensor provides measurements every 60 seconds, giving trend and fluctuation of interstitial glucose levels over time.
All procedures performed in this study involving human participants were in accordance with the ethical standards of the institutional research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Statistical analysis
The normality assumption of the data was evaluated with the Shapiro-Wilk test; homoscedasticity and autocorrelation of the variables were assessed using the Breusch-Pagan and Durbin-Watson tests. Each value was expressed as mean (SD).
Multiple regression analysis was performed to estimate the association between dependent variable (speed and race time) and independent variables (protein, carbohydrates, fat, weight, fat mass, hours of sleep and slope). For multiple comparisons, the Tukey test was used. The level of significance was set at p<0.05. Statistical analyses were conducted using the R statistical package (version 3.0.3, R Core Team, Foundation for Statistical Computing, Vienna, Austria).
RESULTS
The athlete completed the distance of 866 km (53200 D+, 53200 D-) in 334 hours 9 minutes and 7 seconds at a mean speed of 2.6 Km/h (23 min/km); this means that, on average, the athlete has completed 62,2 km every 24 hours and, on average, each sector was completed in 14,5 hours. The highest average speed recorded in a single sector -between two check points -was 7.43 km/h.
Over the race the runner consumed a total amount 7722.6 g of carbohydrate, 2000.9 g fat and 1536.5 g of protein.
The percentage contribution of macronutrients was CHO = 56.1%, fat = 32.7% and protein =11.2%. | 2019 | ISSUE -| VOLUME --© 2019 University of Alicante The average amount was 23,1 g/h of carbohydrate, 6 g/h of fat and 4,6 g/h of protein.
Over the 13 competition days, the amount of sleep the athlete got was 26 hours and 30 minutes, from 1 hours to 5 hours each period. The weight of the athlete has varied from a maximum of 75.10 kg to a minimum of 70.20 kg. The fat mass, excluding the essential fat, has varied from a maximum of 1.9% to a minimum of 0.7 % of body mass. The athlete weight loss was 4.9 kg from the started weight of 75.10 kg (-6.5%). Concerning glycaemia, an average of 125 mg/dL was recorded during the race ranging from minimum value of 40 mg/dL to a maximum of 217 mg/dL, with three blood glucose events below 70 mg/dL, for an average duration of 85 minutes of low glucose levels.
The analysis carried out with the multiple regression model showed statistically significant association relating to the speed (km/h) and i) hours of sleep, ii) kg of weight and iii) percentage of fat mass. Multiple regression analysis showed the increase of the speed (β: 0.5 km/h, 95% CI: 0.07 | 1.02 km/h, p-value: 0.035) and (β: 1.32 km/h, 95% CI: 0.53 | 2.11 km/h, p-value: 0.004) related to the increase of one hour of sleep and one kg of weight respectively. The decrease of the speed (β: -3.87 km/h, 95% CI: -6.82 | -0.91 km/h, p-value: 0.019) was related to the increase of one percentage point of fat mass of weight. Food intake related variables (carbohydrates, protein and fat) and slope were used to adjust the association estimates in statistical model (Table 1) . A statistical significance association has also been found between the athlete's weight and the race time: a kg of weight reduction of the athlete produces an increase in the travel time between two check points of about 4 hours (p: 0.0408).
DISCUSSION
The long duration of an ultra-endurance race implies increased exercise-induced energy expenditure. To balance the increased energy expenditure, an optimal nutrition should ensure adequate energy intake (Nikolaidis et al., 2018) .
The scientific literature has consistently demonstrated that daily carbohydrate intake (30-110g/h) during ultraendurance events can enhance performance at individually tolerable intake rates (Costa et al., 2018; Learsi et al., 2019) . In fact, many studies have demonstrated that increases in the hourly rate of CHO and overall energy intake are correlated with faster race times in ultra-endurance events (Paulin et al., 2015) , suggesting that carbohydrate intake was higher in faster finishers group compared to the slower finishers (Rae et al., 2017) .
The amount of carbohydrates 23 g/h assumed by the athlete is much lower than the consumption advised by the guidelines in the ultra-endurance sport performance diet (90 g of carbo/h). This intake supported an average glycemic value of 125 mg/dl, and the amounts of carbohydrates assumed (in any food form) do not significantly affect the average speed kept in the race and therefore the kilometres travelled in a given time or in the partial or in the total duration of the performance. It seems therefore that the very high efficiency achieved in the biomechanics related to the motion allows to greatly decrease the energy consumption and therefore the request of carbohydrate intake in the elite athletes of ultra-resistance. A consideration can be made considering that the assumptions dictated by the guidelines are set on the running dynamic, while the ultra-strength athletes have extremely low race speeds, which are more similar to the energy consumption of the walking than of the running. It is also known that consumption of O2 in running, especially in UM running could be overestimated (Learsi et al., 2019) .
In our study, the athlete experienced a body mass loss of 6.5% of starting body weight occurring throughout the event, according to an average loss of 5% in most ultra-endurance races (Nikolaidis et al., 2018) . The large amount of body mass lost is typically a combined result of limited food availability, increased energy expenditure, sleep deprivation and dehydration.
In contrast with previous study, in which no relationships were reported between changes in absolute body weight, lean mass and race performance times (Paulin et al., 2015) , we found that fat mass loss has a positive impact with the average travel speed and therefore with the kilometres travelled in a given time and with the final time of completion of the race.
The importance of sleep for athletic performance and recovery is widely acknowledged (Rae et al., 2017) . Studies on partial and total sleep deprivation have highlighted the adverse effects of sleep loss on athletic performance (Fullagar et al., 2015) , while other studies show that sleep extension may benefit performance (Schwartz et al., 2015) . Yet, the minimal quantity of sleep deprivation or extension required to impact athletic performance is unknown (Knufinke et al., 2018) . A recent work -conducted in the same race -highlighted no significant correlations between sensory or cognitive scores with body weight, emphasizing instead the correlation with sleep restriction (Tonacci et al., 2017 ).
An interesting frontier, in this regard, could be linked to the analysis with quantitative EEG of the moments of rest, to optimize the phases of deep sleep, allowing on the one hand to reduce the time necessary for rest, but at the same time maintaining the possibility of recovery from the fatigue of the athlete's central nervous system.
Some studies have been done on athletes, in particular related to motion imagery (Ivaldi et al., 2017; Gennaro et al., 2018) and central activation after stimulation of the stretch reflex ) that could provide a central fatigue index to optimize the athlete's rest, in addition to studies during sleep, to define the timing of most important and essential phases of sleep for recovery.
Furthermore, the use of functional training can be very useful in endurance to reduce injuries, especially with extended performance times . In our study, the speed of the race correlates positively with the hours slept during the race itself, according with previous studies, observing a reduction in endurance performance following sleep deprivation (Oliver et al., 2009) . Sleep-related strategies may actually allow a significant improvement in performance, especially considering that natural supplementation with supposed ergogenic effects has not yielded the desired results . | 2019 | ISSUE -| VOLUME --© 2019 University of Alicante
CONCLUSIONS
The aim of the present study was to investigate whether a well-trained ultramarathon runner was able through the 866 km race to: 1) maintain correct intakes of carbohydrates to meet recommendations; 2) maintain adequate blood glucose; 3) well manage the amount of sleep.
Even though the athlete experienced a low intake of carbohydrate per hour, that amount guaranteed a relatively stable blood glucose during all the event, with no effect on the average speed in the race. The lower amount of carbohydrate consumed still allows him to finish the race, even in thirteenth position ranking.
Evidently, the food provided during the race lacked his energy requirements, inducing him a body weight loss. Whereas the athlete started the race with a fat percentage of 1.9%, weight loss was probably attributable to loss of lean mass, fluids and mineral density. That could explain the positive relationship between race time and body weight. The athlete speed was higher in higher body weight.
About the hours slept, the athlete experienced an important sleep deprivation. And the statistical analysis highlighted the correlation between speed and hours slept: more the athlete slept, faster he ran.
This data confirms the importance to instruct ultra-endurance athlete to meet the literature suggested carbohydrate recommendation, and to improve knowledge and guidelines regarding sleep recommendation too.
